The mucosal surfaces are primary sites of encounter between bacteria and the human host. The mucosal response to microbial challenge includes the production of cytokines. We have studied Escherichia coli urinary tract infections (UTI) as a model of the mucosal cytokine response. Deliberate colonization of the human urinary tract with E. coli stimulated the secretion of interleukin-6 (IL-6) into the urine without concomitant elevation of the serum IL-6 levels (9). The urinary IL-6 levels were elevated in patients with natural UTI, whereas the circulating IL-6 levels were elevated only in those patients who developed febrile infections (10) . This separation of local and systemic IL-6 responses was also observed during experimental infection in mice; the circulating IL-6 levels were elevated after intraperitoneal infection, but there was no urinary IL-6 response unless the mice were challenged with bacteria in the urinary tract (6) . These observations suggested that the urinary IL-6 was of local origin and that mucosal cells were activated directly by bacteria to produce cytokines.
The rapidity of the IL-6 response in vivo indicated that a local cell type such as the epithelial cell might be responsible for the secretion of IL-6 during UTI. We have recently shown that urinary tract epithelial cell lines secrete after stimulation with E. coli, isolated fimbriae, or lipopolysaccharide (LPS) (11) . LPS is known to stimulate tumor necrosis factor (TNF), IL-1, and IL-8 production as well as IL-6 in other cell types, including monocytes, fibroblasts, and endothelial cells (13, 16, 21) . Thus, it is possible that epithelial cells exposed to E. coli produce cytokines in addition to IL-6, which may be involved in the influx of polymorphonuclear leukocytes (PMNs) seen during UTI (15 Goth- enburg, Sweden) supplemented with gentamicin (0.05 mg/ ml), glutamine (2 mM), and fetal calf serum (5%; GIBCO Ltd., Paisley, Scotland). Fifty-milliliter flasks (Nunc, Roskilde, Denmark) were seeded with stock cultures of the cell lines taken from liquid nitrogen. The flasks were incubated at 37°C in 5% CO2 atmosphere until confluent. The cells were removed from the flasks by trypsin treatment (0.25%; Sigma, St. Louis, Mo.) for 10 min at room temperature. The cells were harvested by centrifugation at 1,000 rpm (Sorvall GLC-2 centrifuge) for 10 min, the supernatant was discarded, and the cells were resuspended in PBS. The cell suspension was diluted to a final concentration of 104 cells per ml in fresh media (see above), seeded into eightwell slide flasks (0.3 ml per well; Nunc), and allowed to grow to confluency (1 to 2 days). The LPS activity in the media was analyzed by the Limulus assay and found to be <6 ng/ml. This was below the threshold concentration for the A-498 cell stimulation and at the threshold concentration for the J82 cell stimulation.
Peripheral blood monocytes. Peripheral blood monocytes were collected from pooled buffy coat cells of healthy adult blood donors by Lymphoprep (Nycomed AS, Oslo, Norway). The mononuclear cell fraction was transferred to pyrogen-free cell culture wells (Costar, Cambridge, Mass.) in RPMI 1640 medium (Flow Laboratories, Irvine, Ayrshire, United Kingdom) supplemented with 5% heat-inactivated human AB serum and 2 mM L-glutamine at a concentration of 106 cells per ml.
Induction of cytokine production. (i) Epithelial cells. At the start of each experiment, the medium was removed and replaced either with fresh medium (0.3 ml) or with medium containing formaldehyde-treated E. coli Hu734 at a concentration of 108 bacteria per ml (bacterium-to-cell ratio, 1,000: 1). Supernatants were removed from the wells at 0, 2, 6, and 24 h. The cells were fixed with paraformaldehyde, stained with monoclonal antibodies, and examined by immunofluorescence as described below.
(ii) Peripheral blood monocytes. At the start of each experiment the mononuclear cells were spun down at 1,500 rpm (Hellich Rotanta centrifuge) for 5 min. The supernatant was discarded and replaced either by new medium or by medium containing formaldehyde-treated E. coli Hu734 (109 bacteria per ml; bacterium-to-cell ratio of 1,000:1). Samples were removed at 0 and 2 h, transferred to V-bottomed plastic tubes, and centrifuged at 1,500 rpm (Hellich Rotanta centrifuge) for 5 min. The cells were resuspended in balanced salt solution (BSS; GIBCO Ltd.) supplemented with 0.01 M HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer (GIBCO Ltd.), washed three times by centrifugation, and resuspended in this medium at a concentration of 2 x 106 cells per ml.
(iii) Cytokine-specific antibodies. The following antibodies were used: anti-human IL-la and IL-1,B (mouse immunoglobulin Gl [IgGl] at 5 ,ug/ml; C. Heuser, CIBA-GEIGY Research Department, Basel, Switzerland); a mixture of two anti-human IL-6 antibodies, BSF2 (mouse IgGl at 2.5 ,ug/ml; T. Matsuda, Osaka, Japan) and Ig61 (mouse IgGl at 2.5 ,ug/ml; I. Nobou, Toray Industries, Kamakawa, Japan); anti-human IL-8 (mouse IgGl at 5 ,ug/ml; M. Ceska, Sandoz, Vienna, Austria [4a] ); anti-human TNF-a (TNF-E mouse IgGl at 2 p,g/ml; Genetech Inc., San Francisco, Calif.); anti-human TNF-1 (LTX21 mouse IgG2b at 10 ,ug/ml; H. Lamche and G. Adolf, Boehringer Ingelheim, Vienna, Austria); and a mixture of two anti-human granulocyte macrophage-colony-stimulating factor (GM-CSF) antibodies, ZlC1l (rat IgGl at 2.5 ,ug/ml) and GM-CSF 5A2 (rat IgGl at 2.5 ,ug/ml; J. Abrams, DNAX, Palo Alto, Calif.). The specificity of the monoclonal anticytokine antibodies in a monocyte population was previously tested by preincubating the antibodies with the respective cytokines (18) . The specificity of the epithelial cell cytokines was tested by preincubation of the monoclonal antibodies with the relevant cytokine. Irrelevant mouse IgGl was used as a negative control.
(iv) Fluorescent conjugates. Fluorescein isothiocyanatecoupled goat anti-mouse IgGl and IgG2b conjugates (Caltag Laboratories, South San Francisco, Calif.) were used at a dilution of 1:300 to detect cytokines stained with mouse anti-human monoclonal antibodies. These mouse IgGl subclass-specific sera were affinity purified and had been absorbed with human Ig prior to use. Fluorescein isothiocyanate-coupled goat anti-rat Ig conjugate (Southern Biotechnology, Birmingham, Ala.) was used at a dilution of 1:25 to detect cytokines stained with rat anti-human monoclonal antibodies. The conjugates were incubated in the presence of 5% human AB serum. All antibodies for immunofluorescence staining were deaggregated prior to use by ultracentrifugation at 100,000 x g. (Fig. 1) . IL-8, TNF-ot, and IL-6 staining was concentrated in the Golgi stacks, while IL-lao and IL-1,3 staining occurred throughout the cell cytoplasm. Three different staining patterns were observed in the epithelial cells (Fig. 2) (18) . This procedure leaves the intracellular cytokines antigenically intact for immune staining and allows passage of the primary and secondary antibodies into cellular compartments without apparent loss of intracellular cytokines. Three staining patterns were observed: Golgi associated, diffuse, and in the area of the nucleus (observed occasionally for IL-la staining in the epithelial cells). The staining for TNF-ao, IL-6, and IL-8 occurred in the Golgi region. IL-laL and IL-13 in the monocytes and IL-lao in the epithelial cells showed a diffuse cellular staining pattern. IL-la and IL-l, are thought not to be processed through the endoplasmic reticulum-Golgi complex and have been shown to lack the necessary signal peptide (17) . The diffuse staining for IL-lat and IL-13 has previously been observed in monocytes following stimulation with LPS and phorbol myristate acetate in combination with ionomycin (la) . The epithelial cells also stained for IL-la in the area of the nucleus. The significance of the two staining patterns observed in the epithelial cells is not known. Modification of the conditions used for fixation and permeation may reveal the presence of cytokines in additional cellular compartments.
Despite their transformed state, the urinary tract cell lines appeared to closely mimic the mucosal cytokine response to E. coli infection in patients. Intravesical inoculation of bacteria into patients led to a rapid local secretion of IL-6 and IL-8 into the urine (1, 9) . was detected in the urine by the WEHI bioassay (17a). TNF has been found in urine from patients undergoing Mycobacterium bovis BCG treatment for bladder carcinomas (5); however, there is a rapid infiltration of lymphocytes and monocytes in the mucosa in these patients, and the cellular origin of the TNF remains unknown. This is the first time that epithelial cells have been shown to produce IL-8 and IL-la in response to bacterial stimulation. We have recently observed different levels of IL-8 secretion by urinary tract epithelial cell lines in response to a number of E. coli strains (1) . IL-8 gene expression in retinal pigment epithelial cells and in a lung epithelial cell line has been observed after stimulation with TNF-a and IL-1 (7, 19) . IL-6 staining was expected since urinary tract epithelial cell lines have been found to secrete IL-6 as measured by the B9 bioassay (11) . In this study the immunofluorescence technique allowed the quantitation of responding cells and the localization of IL-6 intracellularly. The results obtained with the B9 assay and those of the present study agreed with regard to both the constitutive IL-6 production of the cell lines and the kinetics of the response to bacterial stimulation. suggests that the limited cytokine response of the epithelial cell lines was not due to the lack of functional genes for the undetected cytokines.
The local functicns of the mucosal cytokines during UTI are not known. has been shown to prime neutrophils to phorbol myristate acetate and the chemotactic peptide fMLP and can also stimulate IgA-committed B lymphocytes to secrete IgA (3, 14) . IL-8 is a potent chemoattractant for PMNs and induces both their shape change and degranulation (2, 22) . The results of this study suggested that epithelial cells can be a source of the IL-8 found in urine during UTI. IL-1 has been shown to enhance endothelial cell adhesive- ness for phagocytic cells such as PMNs (4) and is known to increase ICAM-1 expression on human renal tubular epithelial cells in vitro (12) . It has been reported to prime PMNs for superoxide and free oxygen radical production in response to fMLP (8) . Neutrophils are recruited to the mucosa during UTI. Neutrophil influx occurred within a few hours of experimental infection, with peak numbers between 6 and 12 h. Animals with a defective PMN influx were unable to clear the infection (15) . The combined production of IL-la and IL-8 by the epithelial cells may help to direct the PMNs to the site of infection and to activate their phagocytic functions which enhance bacterial clearance.
